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Abstract
Neuropsychological and psychophysical studies report controversial results regarding local-global visual processing and motion per-
ception in autism. Here, we investigate contour integration and motion perception in an accurately diagnosed sample of autistic children,
using low-level psychophysical tasks. We measured detection thresholds for a closed chain of Gabor patches, for diVerent values of inter-
element distance and we measured coherency thresholds of optic Xow motion stimuli. Both experiments show comparable performances
between autistics and normal subjects, demonstrating no evidence of early perceptual integration deWcits. Some improvement in perfor-
mance with age is detected in both groups.
 2005 Elsevier Ltd. All rights reserved.
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It is now widely agreed that autism is a neurodevelop-
mental disorder. Individuals with autistic spectrum disor-
ders have striking limitations in social interactions and in
the ability to communicate verbally and non-verbally. They
also have restricted interests, motor stereotypes, and obses-
sive tendencies (Bailey, Phillips, & Rutter, 1996; Happé &
Frith, 1996; Shah & Frith, 1983). Whether they also have a
peculiar way of processing information, and which speciWc
cognitive deWcits eventually underlie their behavioural
anomalies, remains largely unknown.
Neuropsychological studies report controversial results
regarding local-global visual processing in autistic subjects.
Some authors show that autistic patients have a deWcit in
integration of local and sparse elements into global struc-
tures, as stated in the Weak Central Coherence Theory
(Frith, 1989). Central coherence is the ability to process
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information to process the environment as a ‘whole’ rather
than paying attention to individual details. Weak Central
Coherence Theory postulates that autism is characterized
by a cognitive style biased towards local rather than global
information processing, and a general failure in processing
information in a given context. The theory draws empirical
support at diVerent levels. Shah and Frith demonstrated
that children with autism functioned at a level higher then
their mental age on the Embedded Figures Test (EFT), that
require them to detect a target shape within a complex
design (Shah & Frith, 1983) and in Block Design Test
(Shah & Frith, 1993). In support of Frith’s hypothesis,
Mottron and Belleville (1993) found locally oriented
graphic construction and visual perception in a savant
autistic draughtsman. Plaisted, Swettenham, and Rees
(1999), by using Navon stimuli (Navon, 1977), reported
that children with autism process global information via
Selective Attention and local information via Divided
Attention. Children with autism responded spontaneously
more rapidly and more accurately to the local level of the
stimulus: they responded more rapidly to the global level
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McMahon, and Filloux (1994) found a global bias on the
Navon task in children with autism as well as in controls.
As these neuropsychological tasks require high level pro-
cessing, often involving more than one cognitive function, it
would be interesting to know if low-level abilities are pre-
served in autism.
More recently, some authors (Blake, Turner, Smoski, Poz-
dol, & Stone, 2003; Spencer et al., 2000) have investigated
low-level form processing in autism and have not found sta-
tistically diVerent performances in autistics versus normal
developing children in a form coherence task. More recently,
however O’Brien and Spencer (2004) have found contrasting
results in a similar task. Therefore, the question on whether
these children can integrate local elements into global struc-
tures at low level remains unsolved, since the tasks used in
the studies reviewed above do not directly measure integra-
tion abilities, even if strictly related to spatial integration.
Neurophysiological and psycophysical research
approaches the problem of local-global processing and per-
ceptual organization in terms of “perceptual grouping”: the
emergence (pop out) of a meaningful stimulus from the seg-
regation of a coherent set of local elements in an otherwise
incoherent background (Palmer, 1999).
Given that simple cells in V1, behaving as localized spa-
tial Wlters, are responsible for the Wrst cortical representa-
tion of a visual scene (De Valois & De Valois, 1988; Hubel,
1988), it is plausible to imagine that lateral connections
between these simple units are responsible of perceptual
grouping.
Contour integration has been widely investigated in mul-
tiple choice detection tasks, in which a chain of Gabor
Patches (GPs)—sinusoidal luminance signals within a
gaussian envelope, aimed at modelling the receptive Weld
structure of simple cells in V1— must be segregated from a
noisy background (Field, Hayes, & Hess, 1993; Kovacs &
Julesz, 1993, 1994). In these stimuli there is no global cue—
orientation, colour or texture—for the segregation of the
chain: the global patterns seem to emerge from local inter-
active processes, which are clearly inXuenced by local per-
ceptual variables, such as relative orientation of nearby
cues, relative position and co-linearity. In particular, the
critical distance between Gabors for which their integration
is possible is a crucial factor to assess this ability in a given
stimulus, strictly related to connections between simple cor-
tical units. Although these authors leave open the issue of
the anatomical support for visual integration and do not
specify the level of visual processing at which it would be
implemented, more recent data, derived within the lateral
masking paradigm, suggest that the integration may be very
early indeed (Li & Gilbert, 2002; Polat & Sagi, 1993). In
fact, several lines of anatomical (Gilbert & Wiesel, 1979,
1983, 1989), physiological (Kapadia, Ito, Gilbert, & West-
heimer, 1995; Ts’o & Gilbert, 1988), and imaging (Das &
Gilbert, 1995) evidence suggest that horizontal connections
can link cells with non-overlapping receptive Welds with
similar orientation preferences as early as in V1.Detection of contours comprised of Gabor patches
embedded in background noise (comprising similar ele-
ments) has been already measured successfully in other
patients to assess their ability of spatial integration (Chan-
dna, Pennefather, Kovacs, & Norcia, 2001; Giersch,
Humphreys, Boucart, & Kovacs, 2000; Piccini, Lauro-
Grotto, Del Viva, & Burr, 2003).
All these characteristics prompt the use of such stimuli
to investigate and quantify spatial integration abilities as a
function of distance between Gabors in autism.
Motion perception in autism is another controversial
issue since various deWcits have been found, but the level at
which they occur is unclear. Some authors found impair-
ments in complex motion tasks involving high levels of
analysis, such as perception of motion discontinuity (Spen-
cer et al., 2000), second-order motion (Bertone, Mottron,
Jelenic, & Faubert, 2003), and biological motion (Blake
et al., 2003). It appears, however, that basic motion abilities,
such as Wrst-order motion perception, are preserved (Ber-
tone et al., 2003).
Little is known about performance of autistic children
on optic Xow stimuli, known to be analysed by structures
located at a relatively low level in the visual pathway, in
the dorsal region of Medial Superior Temporal area
(MSTd) in monkeys (Tanaka, Fukada, & Saito, 1989) and
in an analogous area in humans (Morrone et al., 2000).
The investigation of perception of optic Xow in autistic
children is particularly important because it is strictly
related to the general issue of local-global processing: per-
ception of optic Xow is due to integration of single moving
elements into a global motion percept. Milne et al. (2002)
provide the sole evidence for perception of optic Xow in
autism, and report impairment in discriminating motion
direction in these stimuli. Perception of optic Xow is cru-
cial for heading and visual navigation in three-dimensional
space, for control of posture and locomotion and for per-
ception of object movement (Gibson, 1950). Therefore,
deWcits in optic Xow perception are expected to be associ-
ated with behavioural disturbances such as visuo-spatial
disorientation, as observed in Alzheimer patients (Tetew-
sky & DuVy, 1999). Visuo-spatial disorientation, lack of
coordination, clumsiness, together with a peculiar posture
and visuo-motor deWcits have been widely observed in
Asperger syndrome patients (Gillberg, 1990; Tantam,
1988a, 1988b). Conversely, motor system deWcits cannot be
considered a typical feature of Autism (Volkmar et al.,
1987), although some motor impairments have been
reported lately (Minshew, Sung, Jones, & Furman, 2004;
Schmitz, Martineau, Barthelemy, & Assaiante, 2003),
therefore perceptual impairments (Milne et al., 2002) do
not completely agree with behavioural evidence. A possi-
ble explanation of their results could rely on the selection
criteria used: these authors diagnose their patients as autis-
tic only on the basis of criteria speciWed in DSM IV, that
are not accurate enough and might include in the sample
patients with other psychiatric developmental disorders
(PDD).
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tigation of this issue with a sample of autistic patients care-
fully diagnosed.
In this paper, we study integration of local elements into
global structures in autism, with static and dynamic stimuli
where the global structure cannot be deduced from local
elements.
In the static domain we quantify contour integration
performance as a function of distance between local ele-
ments. In the motion domain we measure coherence thresh-
olds with random dots kinematograms, where single dots
move according to diVerent kinds of optic Xow trajectories
so that global motion cannot be inferred from the motion
of single dots. The tasks and stimuli used here investigate
the integrity of low-level processing to establish its possible
role in the local-global visual deWcits that have been
reported in the literature.
A key feature of this work is that our sample was care-
fully selected with two widely acknowledged instruments
for the diagnosis of autism, that exclude contamination
from other PDD patients.
2. General methods
2.1. Subjects
Thirteen autistic children, diagnosed with Autism Diag-
nostic Interview-Revised (ADI-R) (Lord, Rutter, & Le
Couter, 1994) and the Autistic Diagnostic Observation
Schedule General (ADOS-G), (Lord et al., 2000), partici-
pated in this study (Table 1).
ADI-R is a semi-structured interview of caregivers,
which contains questions measuring impairments in recip-
rocal social interaction, verbal and non-verbal communica-
tion, and repetitive, stereotypic activities. ADOS-G is a
semi-structured assessment of social interactions, commu-
nication, play and imaginative use of materials for individ-
uals who may have autism or other pervasive development
disorders (PDDs).
These two instruments, which meet DSM IV (Diagnostic
and Statistical Manual of Mental Disorders) and ICD 10
(International ClassiWcation of Diseases 10) criteria, when
combined together, yield a quantitative diagnostic algo-
rithm, which eVectively discriminates autistic from non-
Table 1
Clinical evaluation of children with autism
N D 13 Mean § SD Range
Chronological age (years) 10.9 § 4.2 6–16.6
Mental age (years) 7.2 § 2.4 4.5–12.3
Verbal mental age (years) 6.7 § 2.5 4.4–12.3
Non-verbal skills 70.7 § 21.5 50–100
Verbal skills 58.4 § 17.1 50–88
ADOS-G (communication) 5 § 1.1 4–7
ADOS-G (social impairment) 8.3 § 1.4 7–13
ADI-R (social impairment) 20 § 2.5 15–26
ADI-R (communication) 16 § 5.4 6–23
ADI-R (repetitive interests) 5.4 § 2.4 3–9autistic subjects. They are also the sole instruments widely
accepted for the diagnosis of autism.
Individuals with chromosomal abnormalities associated
with autistic-like behaviour, such as fragile X syndrome,
tuberous sclerosis complex, Praeder-Willi syndrome or
Angelman syndrome, were excluded from our sample by
means of genetic tests. Autistic patients with brain malfor-
mations, blindness, deafness, and other sensory conditions
that could impair typical social and behavioural develop-
ment, were also excluded from the study.
All children were further tested with Wechsler intelli-
gence scales revised (Wechsler, 1974) (Table 1) and stan-
dard neuropsychological tests.
In terms of intellectual assessment, we obtained the charac-
teristic pattern of autism: performance IQ (PIQ) higher than
verbal IQ (VIQ) and speciWc inter-subtest scatter, with highest
performances in visuo-constructive subtests and lowest abili-
ties in comprehension subtests. All subjects had normal per-
formances on tasks that rely on automatic or perceptual
processes, while they were impaired in tasks requiring higher
order conceptual processes, reasoning, interpretation or
abstraction. All our autistic patients also exhibited deWcits in
integrating information from multiple sensory channels, such
as visual and acoustic, as emerges from ADOS evaluation. We
found that our sample was composed by nine high-function-
ing (IQ 770) and four low-functioning patients.
A speciWc linguistic evaluation showed impairments in
verbal abilities, particularly in morpho-syntactic comprehen-
sion; however, all subjects were able to understand simple
sentences. Language expression capabilities varied from syn-
tactically correct sentences to simple word associations. Eval-
uation of verbal abilities allowed an estimate of verbal
mental age, which was obtained by multiplying the verbal
intelligence quotient (VIQ) with the chronological age
divided by 100. Assessing verbal mental age is important to
appropriately match autistic patients with controls that have
similar verbal comprehension abilities and to rule out possi-
ble low performances due to a misunderstanding of the task.
Given the wide age range of our sample, we used three
control groups with no incidence of psychiatric history or
developmental disorders: sample C1, composed by 12 chil-
dren aged 6.1–7.2, sample C2, composed by 14 children
aged 8–11.9, and sample C3, composed by 5 adolescents
aged 14.1–19.2 (see Table 2).
Control groups were well matched to autistic patients
for educational background and type of school, since our
patients were inserted in regular classes, according to the
Italian school system.
3. Experiment 1: Spatial integration
3.1. Methods
3.1.1. Subjects
All autistic patients (groups A1 and A2) and control
groups (C1, C2, and C3) participated in this experiment
(see Table 2).
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Sensitivity for integration of local elements into a
global pattern was measured by testing the ability of the
subject to detect a target (circle) embedded in noise, where
both the circle and noise elements were Gabor patches
(Fig. 1) (Field et al., 1993; Kovacs & Julesz, 1993). The
integration ability of subjects was quantiWed by measur-
ing target detection thresholds deWned by the background
noise level yielding 75% correct detection. All Gabors in
the circle (target) were oriented tangentially to its radius,
while orientation of noise elements was randomly distrib-
uted. Noise elements were randomly placed within the dis-
play area, unlike similar stimuli used in other experiments
(Chandna et al., 2001; Field et al., 1993; Kovacs & Julesz,
1993). Spatial frequency of Gabors was 1.75 cycles/deg,
each Gabor patch subtended 0.57° of visual angle and tar-
get had radius of 4.3°.
Fig. 1. Spatial integration stimuli. (A) Target (circle) composed by 6
Gabors (inter-element distance D 4.3°), located in the lower right quad-
rant. This condition (noise D 15 Gabors) it is equivalent to a sensitivity of
3.3, much lower than sensitivity of patients. (B) Target composed by 6
Gabors, located in the upper left quadrant in a condition (noise D 50
Gabors) equivalent to a sensitivity of 9.5, similar to that of younger
patients. (C) Target composed by 10 Gabors (inter-element
distance D 3.1°), located in the upper right quadrant embedded in 100
noise elements. This condition is equivalent to a sensitivity of 10.3, similar
to that of younger patients. (D) Target composed by 14 Gabors (inter-ele-
ment distance D 2.1°), embedded in 100 noise elements, located in the
lower left quadrant. This condition, equivalent to a sensitivity of 10.3, is
supra-threshold for younger patients. Adapted from Kovacs and Julesz
(1993).To quantify integration we measured thresholds for
diVerent number of Gabors in the target, hence varying the
distance between them. The smaller the distance the easier
the task was: compare the ease in Wnding the target in
Fig. 1D with respect to Fig. 1C, where the number of
Gabors in the target is diVerent but the number of noise
Gabors is the same. Inter-element spacing tested were 4.3°,
3.1°, and 2.1° corresponding to 6, 10, and 14 Gabors in the
target.
Stimuli were presented on a 60 Hz frame-rate LCD dis-
play driven by a PC laptop. Distance of subjects from the
screen was 57 cm. The whole stimulus had mean luminance
20 cd/m2, subtended 20° £  20° of visual angle and was dis-
played for 1 s. All measurements were done in a darkened
room.
3.1.3. Procedure
Presentation of stimuli was always preceded by a sound,
to catch subjects’ attention.
The target could be positioned in one of four quadrants
of the computer screen (see Fig. 1) and the subject’s task
was to locate the circle with a four-alternative forced-
choice procedure. Responses were reported verbally by
autistic patients and recorded manually by the experi-
menter. Subjects had no time limit for response and no ver-
bal or sound feedback was given.
For any number of Gabors in the target tested, integra-
tion ability was quantiWed by measuring detection thresh-
olds for the circular target as a function of the level of
background noise, as the number of background greatly
aVects performance (Field et al., 1993; Kovacs & Julesz,
1993). In our task this can be qualitatively seen by compar-
ing Figs. 1A and B were the number of Gabor in the target
is the same (6) but the number of noise Gabors is much
greater in Fig. 1B (50) than in Fig. 1A (15).
Data on patients were obtained in 3 sessions, measured
on diVerent days, to minimise tiredness and boredom, while
data on controls were obtained within a single session. For
both controls and patients each session included 3 blocks of
30 trials, for each tested condition.
In each block, the number of noise Gabors was varied
along diVerent trials according to a staircase QUEST pro-
cedure (Watson & Pelli, 1983).
For every tested condition and for each subject, a cumula-
tive Maximum Likelihood Wt was performed oV-line with all
data, obtained in all sessions, using a Weibull psychometric
function (Weibull, 1951). Thresholds were deWned as the point
of 0.75 probability of correct response Wtted functions. In the
results section, we show sensitivities to represent and compareTable 2
Subjects
Autism A1 Autism A2 Control C1 Control C2 Control C3
N 10 3 12 14 5
Chronological age (mean § SD) 8.8 § 3 16 § 0.2 6.6 § 0.3 9.7 § 0.8 16.5 § 2.4
Age range 6–14.1 16.1–16.6 6.1–7.2 8–11.9 14.1–19.2
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(S+N)/S where S is the number of Gabor elements in the tar-
get, N is the number of background Gabors, corresponding to
0.75 probability of the psychometric function.
The performance of individual autistic subjects was
compared to that of normal population, represented by
95% conWdence limits of Gaussian distributions estimated
from data (Figs. 3A and B).
Dependences of average performances on integration
distance and on group were tested with two-way ANOVA
(with Bonferroni correction). Two-sample Student’s t test
were used to compare performances of patients and con-
trols on each condition.
3.2. Results
Performances on spatial integration of all groups are
shown in Table 3.
First we looked for diVerences within the normal popu-
lation, which has been reported for a similar task of con-
tour integration (Kovacs, Kozma, Feher, & Benedek, 1999).
A two-way ANOVA performed on the three control groups
vs. integration distance showed a clear dependence of inte-
gration on group age: (F D 11.6, p < 0.0001) as well as on
integration distance (F D 210.8, p < 0.0001). This increase of
sensitivity with age, that can be observed in Fig. 2 for all
integration distances (grey bars in all panels), directed us to
divide our autistic sample into two subgroups to compare
them with appropriate controls: a younger group (A1)
composed by 10 autistic patients (mean age 8.8§ 3) and an
older group (A2) composed by 3 autistic patients (mean age
16 § 0.2) (see Table 2). We compared performances of these
two groups of patients and we found them to be statistically
diVerent (ANOVA: F D 19, p D 0.00015). This indicates that
sensitivity for contour integration, for any integration dis-
tance, improves with age also in our sample of autistic
patients (see black bars in all panels of Fig. 2).
We then compared patients to controls. Group C2 was the
chronological age-matched control of younger patients A1,
while control group C1 was their verbal mental age-matched
control. Group C3 was chronological age matched to older
patients group A2. Fig. 3A plots individual sensitivities of the
younger autistics (A1) together with 95% sensitivity conW-
dence intervals of controls as a function of distance between
Gabor elements in the target. Sensitivity of patients (diVerent
Table 3
Sensitivity for spatial integration
Autism A1 Autism A2 Control C1 Control C2 Control C3
4.3°
Mean § SD 5.4 § 0.8 6.8 § 0.6 4.2 § 0.9 5.9 § 0.9 8 § 0.9
Range 4.6–6.7 6.1–7.2 3.2–5.9 4.2–7.3 7.5–9.7
3.1°
Mean § SD 7.5 § 1.4 10.2 § 3.2 7.7 § 1 9.1 § 1 12.6 § 0.7
Range 5.4–9.7 7.1–13.5 6.5–9.1 7.5–10.7 12–13.6
2.1°
Mean § SD 10 § 1.4 19.7 § 5.1 8.9 § 1.4 10.9 § 1.8 17.9 § 1.9
Range 8.5–12.5 16.1–23.3 7.3–11.4 8.2–13.7 16.1–20.9symbols) is in most cases greater than the 95% conWdence
lower limit of verbal mental age-matched controls (solid
lines), for all distances. Sensitivity of only two patients is on
the lower limit. For the shortest and longest inter-element
distances some patients had even better performance than
verbal mental age-matched controls.
Fig. 2. Spatial integration. Mean sensitivities of patient groups (A1, A2)
and control groups (C1, C2, C3) at higher (upper panel), middle (central
panel), and lower (bottom panel) inter-element distances.
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nological age-matched controls (dashed lines) and found
that only two patients out of 10 were below the 95% conW-
dence lower limit, and only for one integration distance.
The comparison amongst mean sensitivities of the youn-
ger group of autistic children, verbal mental and chrono-
logical age-matched controls (respectively Wlled black,
striped grey and Wlled grey bars in Fig. 2), reveals that sensi-
tivity depends on integration distance (F D 108.9,
p < 0.0001) (see also Fig. 3A). Sensitivity also varies
amongst these groups (ANOVA: F D 14.9, p < 0.0001), due
to diVerences between control groups C1 and C2 (p < 0.05).
When we compared mean performances of patients and
controls in individual conditions, we found that there is no
diVerence between autistics and verbal mental age controls
for inter-element distance of 2.1° (Student’s t test, p D 0.13)
and 3.1° (p D 0.8). For the shortest distance (4.3°) autistic
children performed even better than verbal mental age-
matched controls (p D 0.004). When comparing patients to
Fig. 3. Spatial integration: individual performances of patients. (A) Sensi-
tivity of young autistic children (diVerent symbols) as a function of dis-
tance of elements in the target (lower abscissa) compared to average
sensitivity of a sample of chronological age (C2, dashed lines) and verbal
mental age (C1, solid lines)-matched controls. The upper abscissa shows
the correspondent number of Gabors in the circle. Black and dashed lines
represent 95% conWdence limits of sensitivity of controls. (B) Sensitivity of
adolescent patients (diVerent symbols) as a function of distance of ele-
ments in the target together with 95% conWdence intervals to of a sample
of chronological age-matched controls (C3, dashed lines).
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A
Bchronological age-matched controls we found no diVer-
ences for 4.3° (p D 0.3) and 2.1° (p D 0.3), while there is a sig-
niWcant diVerence for 3.1° (p D 0.01).
Statistical tests show that average sensitivity values,
shown in Fig. 2, agree with individual performances shown
in Fig. 3A, and point out that autistics appear to score less
than chronological age-matched controls only for one dis-
tance value (3.1°). This deviation from the norm can hardly
be ascribed to a deWcit, since this distance is intermediate
between those considered to be linked to global (2.1°) and
local processing (4.3°), where autistics behave as the normal
population. Furthermore, this eVect is due to the perfor-
mance of just 2 patients out of 10, that in the other condi-
tions behave normally; the overall probability of such a
deviation to occur in one of our comparisons as a conse-
quence of a random Xuctuation result is greater than 0.08,
so not statistically signiWcant.
Fig. 3B plots individual sensitivities of older autistics
together with 95% sensitivity conWdence intervals of con-
trols as a function of distance between Gabors in the tar-
get. Sensitivity of autistic subjects (diVerent symbols) is
within 95% conWdence limits of sensitivity of chronologi-
cal age-matched controls (dashed lines) for the shortest
and the longest inter-element distance. For a distance of
3.1° only one of them has sensitivity below 95% conW-
dence limits.
Fig. 2 shows mean sensitivities of the same group of
older patients (empty black bars) and chronological age-
matched controls (empty grey bars). Also for these groups
there is a large dependence of sensitivity on integration dis-
tance (ANOVA: F D 51.2, p < 0.0001). Analysis of variance
also shows that there is no diVerence between performances
of patients and controls: (F D 0.8, p < 0.4). In particular
there is no diVerence at any inter-element distance tested: at
2.1° (p D 0.5, Student’s t test), 3.1° (p D 0.14), and 4.3°
(p D 0.08). Also for these subjects average sensitivities agree
with individual performances (shown in Fig. 3B).
3.3. Discussion
This experiment demonstrates that contour integration
strongly depends on distance between local elements com-
prising the target both in patients and controls. This cor-
roborates previous results obtained in the adult population
(Field et al., 1993; Li & Gilbert, 2002).
Comparison between performances of patients and con-
trols point out that autistic children have performances
similar to those of verbal mental age-matched controls. We
cannot say that they perform better than these controls
matched for verbal skills, because it happens in 3 conditions
out of 25, so that the signiWcance of this result is not high
(p > 0.13).
Sensitivities of all patients (younger and older) are also
comparable with those of chronological age-matched con-
trols, even if controls have verbal performances much
higher than autistics. Overall, these results demonstrate that
there is no evidence of a superiority of normal children over
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comparing performances of diVerent control groups, com-
posed by children and teenagers whose ages range from 6.1
to 19.2 years, we found diVerent sensitivities. This result was
statistically very signiWcant, even if on this small sample,
and demonstrates that contour integration abilities increase
with age, agreeing with previous results on development of
visual spatial integration in children (Kovacs et al., 1999).
Interestingly, we found the same developmental trend also
in our patients, but this result has to be corroborated by
additional data, since sample sizes, especially that of teen-
agers, are small.
The developmental trajectory found in patients and con-
trols also shows that this kind of test is able to detect small
diVerences between groups, so is sensitive enough to detect
a diVerence, if present, between autistic patients and con-
trols.
4. Experiment 2: Motion integration
4.1. Methods
4.1.1. Subjects
Only younger patients participated in this experiment,
the sample comprising 10 subjects mean age 8.8 § 3, range
6–14.1 (see group A1 in Table 2). These patients were verbal
mental age matched with group C1 and chronological age
matched with group C2.
4.1.2. Stimuli
Motion stimuli were random dot kinematograms: arrays
of 100 randomly placed dots, black and white on a mean
grey background, moving coherently along radial, circular,
or translational trajectories (signal), or randomly (noise)
(see Fig. 4) (Morrone, Burr, & Vaina, 1995). We used the so
called “ limited lifetime paradigm”: each dot moves along
its trajectory for a certain time, then dies and is reborn in a
diVerent position moving according to the same trajectory.
Limited lifetime minimises the responses to local motion, so
that global motion cannot be inferred from the motion of
individual dots. Dot velocity was 10 deg/s, dot size 0.4° and
dot lifetime 66 ms.
Coherent dots were moving in one of two possible direc-
tions: leftward or rightward for translation, clockwise or
anticlockwise for circular motion and towards centre of
screen or away from it for radial motion (Fig. 4).
Stimuli were presented on a 60 Hz frame-rate LCD dis-
play driven by a laptop PC. Distance of subjects from the
screen was 57 cm and the whole display subtended 15° of
visual angle, to stimulate maximally brain areas specialised
in global motion analysis such as MT and MSTd (Morrone
et al., 2000; Tanaka et al., 1989). Stimulus duration was
160 ms.
4.1.3. Procedure
Stimuli were always preceded by a sound to catch sub-
jects’ attention.For each kind of motion, coherent dots could move in
one of two possible directions (see Fig. 4) and the sub-
ject’s task was to indicate the direction with a two-alter-
native forced-choice procedure. Also in this experiment
responses were reported verbally by subjects and recorded
manually by the experimenter. Again, there was no time
limit and no feedback was given for correct or incorrect
responses.
For each type of Xow, we measured coherent motion
direction discrimination thresholds as a function of per-
centage of coherent dots.
Data on patients were obtained in 3 sessions, measured
over diVerent days, while data on controls were obtained
within a single session. Every session included 3 blocks of
30 trials each, for each type of motion. The proportion
between coherently moving dots (signal) and noise dots was
varied in diVerent trials according to a staircase QUEST
procedure (Watson & Pelli, 1983), with the total number
(100) kept constant.
For each tested conditions and for each subject, a cumu-
lative Maximum Likelihood Wt was performed oV-line with
all data, obtained in all sessions, using a Weibull psycho-
metric function (Weibull, 1951). Thresholds were deWned at
the point of 0.75 probability of correct response of Wtted
functions.
Fig. 4. Optic Xow stimuli. (A) Contraction/expansion; (B) rotation anti-
clockwise/clockwise; (C) translation left/right. Arrows indicate motion
direction. Subject task was to indicate direction of motion. Adapted from
Morrone et al. (2000).
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C
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the previous experiment, to represent and compare perfor-
mances.
Dependence of average performances on type of Xow
and group was tested with a two-way ANOVA (with Bon-
ferroni correction). Two-sample Student’s t test were used
to compare performances of patients and controls on each
condition.
4.2. Results
Performances of subjects on motion integration are
shown in Table 4.
Fig. 5 shows average motion sensitivity of patients
(black), verbal mental age-matched controls (C1, grey), and
chronological age-matched controls (C2, white) for each
type of Xow tested. There are signiWcant diVerences of per-
ception of optic Xow amongst groups (ANOVA: F D 5.8,
p D 0.004). This is totally due to diVerences between control
groups C1 and C2 (p < 0.05), while there are no signiWcant
diVerences between patients and verbal mental age-
matched controls (p > 0.05), as well as between autistics and
chronological age-matched controls (p > 0.05). A detailed
analysis of performances of diVerent groups in individual
tasks shows that sensitivities of patients are not statistically
diVerent from those of the verbal mental age-matched
Table 4
Sensitivity for motion integration
Autism A1 Control C1 Control C2
Rotation
Mean § SD 14.4 § 3.7 18.2 § 6 23.1 § 5.2
Range 7.9–21.2 9–27.9 12.7–30.4
Traslation
Mean § SD 20.3 § 7.8 14.4 § 2.8 18.1 § 2.7
Range 12–36.8 11.7–19.2 13.1–21.9
Expansion
Mean § SD 15.1 § 3 13.3 § 2.1 16.1 § 3.8
Range 11.1–22.3 9.1–16.5 11.7–26
Fig. 5. Optic Xow direction discrimination. Mean sensitivity of children
with autism (black) compared to that of verbal mental (grey) and chrono-
logical age-matched (white) controls for diVerent optic Xow stimuli. Error
bars represent standard errors.
1
10
100
EXPANSION/
CONTRACTION
ROTATIONTRANSLATION
SE
N
SI
TI
VI
TY
 (S
+N
)/S
control group for radial (p D 0.1, Student’s t test) and circu-
lar motion (p D 0.05). In translation judgment there was
even a slight superiority of autistic children over controls
(p D 0.02). A comparison with the chronological age-
matched control group reveals that autistics have a lower
sensitivity for circular motion (p D 0.0004), while sensitivi-
ties for translation (p D 0.4) and expansion (p D 0.5) are
comparable.
Analysis of variance shows clearly that sensitivity for
this motion integration task increases with age in the nor-
mal population in the age range 6.1–11.9 years. The same
developmental trend is conWrmed also by comparisons of
population means on individual tasks (Student’s t test:
p D 0.002 translation, p D 0.06 rotation, p D 0.03 expansion).
This variability of sensitivities could, in principle, mask
possible deWcits in our patients’ sample, given that their
ages span from 6 to 14 years (see Table 2). To be sure that
this was not the case, we divided our sample of younger
autistics (A1) in two subgroups, a group of 5 children with
age range D 6.6–7.3 and a group of 5 children with age
range D 9.1–14.1, and studied separately their perfor-
mances.
First, we compared sensitivities of these two subgroups
of patients and found them to be statistically diVerent
(ANOVA: F D 4.9, p D 0.03). This result shows that sensitiv-
ity to optic Xow increases with age in our sample of autistic
patients.
We then compared the two subgroups of patients with
controls C1 and C2, by pairing samples for chronological
age. We found no diVerence between patients and controls
C1 in the age range 6.6–7.3 (ANOVA FD0.11, pD0.74; Stu-
dent’s t test: pD0.26 translation, pD0.1 rotation, pD0.26
expansion). We found a superiority of patients in the age
range 9.1–14.1 over controls (C2) in translation judgements
(Student’s t test: pD0.006), a similar performance in discrim-
inating expanding patterns (Student’s t test: pD0.94), while
performance of patients was lower than controls in the rota-
tion task (Student’s t test: pD0.005). As expected, overall
performance of these patients is comparable to that of con-
trols (ANOVA FD0.11, pD0.7). After dividing our patient
sample into two sub-samples, the general pattern of results
does not change. This excludes the possibility that variability
due to development of motion systems masks a deWcit in
motion perception in autistic patients.
From the analysis of variance, there emerges variability
amongst perception of diVerent types of Xow (ANOVA:
F D 7.8, p D 0.0007) totally due to lower sensitivity for
expanding stimuli (p < 0.05), possibly because the task is
more diYcult
4.3. Discussion
This experiment demonstrates that perception of optic
Xow motion in autistic children, without making distinc-
tions between diVerent types of Xow, is comparable to that
of verbal mental age-matched controls and to that of chro-
nological age-matched controls (see ANOVA results).
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ual optic Xow tasks can be useful to evidencing possible
subtle diVerences between autistic patients and controls. In
fact, diVerent sensitivity patterns seem to emerge from
direct comparison of performances of patients and controls
in diVerent types of Xow. In particular, sensitivity of
patients for rotation is found to be lower than that of chro-
nological controls, both when we compare the whole group
of patients with controls, and when we divide the autistic
sample aged 9.1–14.1 into two subgroups. Conversely, in
this same age range, patients have higher sensitivity for
translation than chronological age-matched controls. All
patients also have higher sensitivity for translation than
verbal mental age-matched controls. These results, how-
ever, are not signiWcant enough to demonstrate the exis-
tence of a deWcit neither of a superiority of patients with
respect to controls. In fact, in the assumption of the relative
performance being the same for all three kinds of Xow, the
probability of obtaining p < 0.05 in a measurement out of
three is higher than 0.14 (all patients together), and higher
than 0.26 in a measurement out of six (patients divided in
two subgroups). Therefore, if replicating the same experi-
ment, the probability of obtaining the observed results for
rotation is higher than 0.26 and for translation higher than
0.14. These values are too high to be considered an index of
important diVerences between groups, especially in view of
ANOVA results. These small diVerences, however, can indi-
cate that in autistic children brain areas involved in motion
perception are developing in parallel to those of normal
children.
Plasticity of these areas emerges from the observed
diVerences in performances of control groups, composed by
children aged from 6.1–11.9 years. Sensitivity to optic Xow
increases across childhood, in agreement with a late matu-
ration of motion systems reported by many authors (Atkin-
son et al., 1997; Ellemberg et al., 2004; Spencer et al., 2000).
In this paper, it turns out that autistic patients also exhibit
the same trend of maturation in this perceptual ability,
although this result needs to be corroborated by additional
data.
Having found a developmental trend in patients and
controls indicates that also this motion perception test,
being able to detect small diVerences, is very sensitive and
able to detect diVerences, if present, between autistic
patients and controls.
5. General discussion
Our results on spatial integration, where we studied per-
ceptual integration of oriented elements parametrically as a
function of distance between local elements, showed no evi-
dence of deWcits of autistic patients in processing global
information. They also demonstrate that, in children with
autism, local and global levels interact eYciently, both
when the task requires local integration (i.e.,
distance D 4.3°) and when it requires holistic or pop-out
perception (i.e., distance D 2.1°). Normal performances atshort and long inter-element distances also demonstrate
that autistics can attend both to the local and to the global
level, in agreement with Plaisted et al. (1999). Conversely,
our tests successfully detected with high statistical signiW-
cance the small increase in performance with age in both
the normal and autistic groups; therefore, any possible deW-
cits that might have gone undetected by our tests must be
signiWcantly smaller than those age-related diVerences.
These Wndings are in disagreement with some neuropsy-
chological results that Wnd deWcits at the global level (Shah
& Frith, 1983) or in the hierarchy of feature processing
(Mottron & Belleville, 1993). This discrepancy, however,
can be explained by methodological diVerences between the
two approaches. In fact in neuropsychological tests used by
these authors it is not possible to rule out the inXuence of
cognitive and attentional factors on low-level perceptual
tasks, that are more easily controlled in psychophysical
tasks. Our results, however, are not in contrast with JoliVe
and Baron-Cohen’s study (1997), who, using a modiWed
Rey-Figure test (copying by memory a complex geometri-
cal Wgure), demonstrated that autistic persons showed nor-
mal “global advantage,” meaning that they were able to
attend to the outline of the drawing Wrst; moreover they did
not diVer from controls in the number of elements repro-
duced. In the same study these authors found that, in terms
of accuracy, autistic persons did not diVer from controls in
identifying a local shape embedded in a complex Wgure
(Embedded Figure Test). They were only faster than con-
trols in the task.
Recent psychophysical data (O’Brien & Spencer, 2004)
claim form processing deWcits in autism, in spite of con-
trasting results found previously from the same authors
(Spencer et al., 2000). However, both studies involve seg-
mentation using form, that requires higher level processing
than simple form integration used here.
Our results also showed no evidence of a deWcit in chil-
dren with autism in motion integration tasks. Lack of
impairment probably indicates there are no deWcits at inter-
mediate levels of motion analysis (areas MT, MSTd) where
optic Xow is processed (Morrone et al., 2000; Tanaka et al.,
1989). This is consistent with previous studies that show no
impairment in Wrst-order motion perception (Bertone et al.,
2003), which is thought to be analysed from early visual
areas (Smith, Greenlee, Singh, Kraemer, & Hennig, 1998),
and with deWcits in second-order motion stimuli (Bertone
et al., 2003), biological motion (Blake et al., 2003) and
motion discontinuity (Spencer et al., 2000) that involve late
motion processing (Grossman & Blake, 2002; Smith et al.,
1998). Normal perception of optic Xow in these patients is
also in agreement with their lack of the visuo-spatial disori-
entation (Shah & Frith, 1983), usually associated with
impairment in perception of optic Xow (Tetewsky & DuVy,
1999). On the other hand, our results contrast with Milne
et al. (2002) who found a deWcit in translational optic Xow
motion processing in autism. However, the detailed descrip-
tion of results reported by Milne et al. provides several
hints at the possible reasons for the discrepancy between
M.M. Del Viva et al. / Vision Research 46 (2006) 1242–1252 1251their data and ours. In fact, the variability of their patients’
performances (15.58) is very large compared with that of
controls (4.71): some of their patients perform very poorly,
close to chance level. On the other hand, the distribution of
subject performance in the Wrst two quartiles does not show
diVerences between normal and autistic subjects. Obvi-
ously, the evidence for a deWcit is driven by a small number
of very low-performing subjects—clear outliers—rather
than by a shift of the average of the whole distribution (see
Roach, Edwards, & Hogben, 2004). Conversely, perfor-
mances of autistic patients in our study are uniform and
signiWcantly diVerent from chance level, and their variabil-
ity is comparable to that of controls (see standard devia-
tions in Table 4), allowing for a reliable comparison.
The large variability of performances of Milne et al.’s
patients could be explained by the methodology used to
select the autistic sample and to match this sample to con-
trols, that can lead to a polluted patient group. In fact, their
diagnostic criterion, being less strict than the one used in
the present study, does not accurately discriminate autistic
from non-autistic patients (compared with the ADI and
ADOS-G), and could have lead to including non-autistic
patients in the sample. Furthermore Milne et al., by using
Raven’s progressive Matrices, do not control verbal com-
prehension deWcits that are often present in this psychiatric
disorder. Conversely, they match patients with controls
according to chronological rather than verbal-mental per-
formances, that are particularly high in autism, and conse-
quently they overestimate cognitive functioning of their
patients.
In conclusion, our data show that children with autism
exhibit normal performance in visual integration tasks such
as spatial integration and motion integration, that are basic
and relatively simple perceptual tasks. These Wndings are in
line with their general psychological pattern of behaviour:
autism is associated with poor verbal and social skills while
performances are very good (Ehlers et al., 1997; Gilchrist
et al., 2001).
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